Background: Children with asthma and atopic diseases have an increased risk of
| INTRODUCTION
It has been recognized for well over a century that children and adults with asthma have a disproportionate burden of depression and anxiety disorders. 1, 2 In children, it is estimated that up to onethird of asthmatics meet criteria for anxiety disorders. 1 Similarly, depression or anxiety is more likely in children with other atopic diseases associated with asthma 3 such as eczema, rhinitis and food allergy. [4] [5] [6] It is not clear why atopic diseases and depression or anxiety are often comorbid and it has also been difficult to show causality, that is, the chicken-and-egg dilemma, which comes first, allergic disease or depression or anxiety? A review on atopic diseases and psychosocial factors found evidence for causality in both directions. 7 Rather than bidirectional causation, an alternative explanation to the association between atopic diseases and depression or anxiety is a familial liability due to a shared genetic pathway or shared environmental risk factors. 8, 9 A common genetic pathway seems to be a plausible explanation as asthma and atopic diseases are highly heritable 10 as are depression and anxiety, although to a lesser extent. 11 In addition, both maternal stress and socio-economic status are associated with both atopic diseases [12] [13] [14] [15] and depression or anxiety, 16, 17 leading to the hypothesis of a familial aggregation for comorbidity due to social environmental factors.
The aim of this study was to investigate the existence and nature of a familial aggregation for the comorbidity of atopic diseases and depression or anxiety in children.
2 | ME TH ODS
| Study population
Twins from the Child and Adolescent Twin Study in Sweden (CATSS), born between July 1998 and June 2006, were included in a cross-sectional study (n = 21 398). 18, 19 Parents were interviewed about their children when they were 9 years old. After exclusion of those twins who died or emigrated before age 9, whose parents were not fluent in Swedish, or who had a disability, 20 326 eligible twins remained in the cohort. There was a 72% participation rate (n = Register for all inpatient and specialist diagnoses (NPR), the Swedish
Prescribed Drug Register for all dispensed medications (SPDR) and the Longitudinal Integration Database for health insurance and labour market studies (LISA). 20 Parents were linked to their children in the CATSS cohort by using the Multi-generation Register (MGR) which matches the personal numbers of individuals in families.
| Variables
Ever asthma was defined as a positive response to 'Has your child ever had asthma?' in the CATSS questionnaire. Current asthma was defined as a positive response to 'Does your child still have asthma?' Similar questions were used for eczema, food allergy and hay fever. A positive response for any of asthma, eczema, food allergy or hay fever was labelled at least 1 atopic disease.
Depression or anxiety was identified using the Screen for Child Anxiety Related Emotional Disorders (SCARED) and Shortened
Mood and Feelings (SMFQ) questionnaires answered by parents.
SCARED is a 41-item questionnaire that is used to screen for:
generalized anxiety disorder, panic/somatic disorder, separation anxiety, social phobia and school phobia. 21 SCARED has been validated and tested in a number of countries and is robust against the DSM-IV-T anxiety disorders in children and adolescents. 22 In brief, any child that had a score above the cut-off for any of the 5 disorders was considered to have an anxiety disorder. The SMFQ is a 13-item questionnaire that has been shown to be valid for use in children age 9 years and is comparable to DSM III-R depression. 23, 24 Any child who scored above 11 on the SMFQ parent-reported questionnaire was considered to have a depressive disorder.
Covariates: data on gender, birth weight, gestational age, maternal age at delivery and parity were retrieved from the MBR. Zygosity is determined by DNA samples or when DNA is not available, on an algorithm based on 5 questions about twin similarity answered by parents. 19 Socio-economic status was defined as a combination of both parent's level of education at the time of the telephone interview (both parents ≤9 years, 1 or both parents completed 12 years, 1 or both parents completed at least 2 years of graduate education).
Parental education and country of birth data were retrieved from LISA.
Recent maternal psychological stress was defined as medication for, or a diagnosis of, an anxiety or depressive disorder in the last 2 years before the telephone interview (that is, when the child was aged 7-9 years) for the child's mother. Dispensation dates of anxiolytic and antidepressant medications were identified using Anatomi- We estimated the odds ratios (ORs) of having an internalizing disorder for those that had at least 1 atopic disease (ever or current) compared to those without atopic disease. Estimates were also generated for (ever or current) asthma, eczema, hay fever and food allergy. Generalized estimating equations were used including an exchangeable covariance structure to account for correlation caused by clustering of observations within twin pairs. Estimates were adjusted for sex, gestational age, birth weight, maternal age and parental country of birth. Effect modification by sex was tested by including an interaction term in each model.
| Cross-twin analysis
Cross-twin analysis is a type of familial co-aggregation analysis which compares children with and without atopic disease with regard to the presence of depression or anxiety in their co-twin. Estimates using generalized estimating equations were calculated for the odds of having an internalizing disorder in twin 2 (modelled as outcome) if twin 1 had at least 1 atopic disease (ever or current, modelled as exposure). Similar estimates were calculated for (ever or current) asthma, eczema, hay fever and food allergy. Models included an exchangeable covariance structure and were adjusted for covariates shared by the twin pair-gestational age and maternal age at delivery. Models were also adjusted for the atopic status of twin 2 to remove possible confounding via this pathway. 26 An association between atopy and depression or anxiety in a cross-twin analysis suggests familial liability aggregation.
Monozygotic twins (MZ) are genetically identical, and dizygotic twins (DZ) share on average 50% of their segregating genes. Therefore, if MZ odds ratios are higher than DZ odds ratios, this suggests that the familial aggregation may be due to shared genes. An interaction term for zygosity was added to each familial co-aggregation model to test whether there was a significant difference between MZ and DZ estimates.
Recent maternal psychological stress, parental education, childhood family trauma and parental birth country were added separately as covariates to the cross-twin analyses to test these as possible shared familial candidates to explain the familial aggregation of child asthma/atopy and depression or anxiety. These factors have both environmental and genetic components; hence, we have termed them 'familial candidates'. We would expect to see attenuation of the cross-twin estimates if the candidates were the source of familial aggregation.
| Sensitivity analysis
In case of reporting bias by parents in the CATSS questionnaires regarding atopic status and internalizing disorder status, we repeated the analyses for asthma using a validated algorithm for register-based asthma definitions.
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Register-based Ever Asthma was defined as fulfilling one of the following criteria:
1. Two or more dispenses of preventer medications over the 9 years, that is either; inhaled corticosteroids (ICS), leukotriene receptor agonists (LRTA) or fixed combinations of b2-agonists and corticosteroids (b2-ICS). ATC codes for these medications are R03BA, R03DC03 and R03AK, respectively. If both dispenses were below the age of 4.5 years, the criteria were that there was at least 14 days between each dispense to avoid change of inhaler device.
2. Two dispenses of b2-adrenoceptor agonists (R03AC), and either a third dispense of a b2-adrenoceptor agonist or of a preventer medication (ICS, LRTA, b2-ICS) in any 12-month period.
3. An asthma diagnosis in the NPR after the age of 4.5 years.
4.
Register-based Current Asthma was defined as having registerbased ever asthma before age 9 years, AND either a dispensed medication or a diagnosis (based on the NPR which records inpatient and specialist visits) recorded within 18 months of their 9 th birthday.
Data management and statistical analyses were conducted using SAS 9.4.
This study was approved by the Regional Ethical Review board in Stockholm, Sweden.
| RESULTS
Current prevalence for the traits of interest in 9-year-old children were: asthma 8.7%, eczema 7.6%, hay fever 6.6%, food allergy 9.5%
and depression or anxiety 13.3%. Summary characteristics for those with current atopic diseases and depression or anxiety and the whole cohort are listed in Table 1 .
Whole-cohort analyses found positive associations between having at least 1 atopic disease and depression or anxiety, adjusted odds ratios (adjOR) ever 1. Cross-twin familial co-aggregation analyses found that having an atopic disease of any type in 1 twin (twin 1) was associated with depression or anxiety in their partner twin (twin 2), except for current food allergy (Table 3) . Estimates were similar to those for the withintwin analysis (Table 2 ) and did not change when further adjusted for the partner twin's (twin 2) atopic status (Table 3) . These results suggest that there is a familial aggregation for the comorbidity of atopic diseases and depression or anxiety. A comparison of MZ and DZ twins did not find that the associations in MZ twins were statistically higher than in DZ twins for any of the atopic diseases which suggests that the familial aggregation may not be due to common genes (Table 3) .
Adjusting for each of the potential familial candidates-parental education, recent maternal anxiety/depression, childhood family trauma or parental birth place-only changed estimates slightly (Table 4) . Of note, the estimates slightly increased when parental birth place was added to the models (Table 4) and slightly decreased when recent maternal psychological stress was added to the models (Table 4) , the BREW ET AL.
| 705 estimate for current asthma attenuated (adjOR 1.18, 95% CI 0.98,
1.42).
Sensitivity analyses: within analysis using register-based asthma found that the associations between asthma and depression or anxiety were positive ( Table 2) . Cross-twin analysis found that register-based ever or current asthma in 1 twin was associated with depression or anxiety in their partner twin (twin 2) with similar magnitude to the analyses using parent-reported asthma in Table 4 ( No significant differences were seen between MZ and DZ twin pair associations for either of the register-based asthma definitions (Table 5) . Adjusting for each of the potential familial candidates only changed estimates slightly; again, the addition of recent maternal 
| DISCUSSION
This study has found evidence for familial aggregation for the comorbidity of atopic diseases and depression or anxiety in children.
The whole-cohort analysis found that overall, parent-reported atopic disease of any type, 'ever' or 'current', was associated with having an internalizing disorder. Of all the atopic diseases we studied, the association between asthma and depression or anxiety was the strongest. Our effect estimates for asthma were comparable with other studies using cohorts of comparable age. 2, 28, 29 In regard to the other atopic diseases, although less studied than asthma, our study contributes to the growing body of epidemiological evidence finding that eczema, 5,30 food allergy 4,31 and rhinitis 6 are each associated with depression or anxiety in children.
There is physiological evidence supporting a causal association between stress and asthma involving immunologic and epigenetic mechanisms. 32, 33 However, there is also epidemiological evidence indicating bi-directionality for atopic diseases and depression or anxiety. 7 Mechanisms for how atopic diseases may 'cause' depression or anxiety seem most likely to do with the stress of managing a chronic disease and lowered quality of life; for example, itching at night from eczema affecting sleep; 34 constantly assessing food choices; 35 absenteeism from school due to atopic illness. 2 We do not refute that causal pathways can occur in either direction. However, the results from the cross-twin analysis found that if 1 twin had an atopic disease the other twin was at risk of having an internalizing disorder, regardless of their own atopic status. This means if the link from atopic disease to stress was purely causal (in either direction), then we should have found that when we adjusted for twin 2's atopic status the effect estimates attenuated, which they did not. Therefore, from the adjusted cross-twin results Model 2 we can conclude that there is a familial liability, that is, a common genetic or environmental component explaining atopic disease and internalizing disorder comorbidity that is separate from direct causation between the 2 diseases. A further comparison of MZ and DZ twins in our study did not find evidence to prove that the familial liability is genetic in nature. However, an earlier Finnish adult twin study did find evidence for a small shared additive genetic effect for atopic diseases and depression or anxiety in adults. 9 It is possible that the different findings between studies are due to aetiologic differences for atopic diseases and depression or anxiety in adults and children, reflected in notable differences in disease prevalence between studies. However, more research is required, such as polygenic risk score analysis using published genome-wide association study (GWAS) summary statistics for asthma and anxiety. Early genetic studies have suggested a possible gene candidate-ADCYAP1R1, a susceptibility gene for posttraumatic stress disorder and anxiety that has also been shown to be associated with reduced bronchodilator response in children with asthma. 33 Familial aggregation for disease comorbidity could also suggest other familial factors may be playing a role in the aetiology of the 2 diseases such as those with an environmental component. This includes physical, socio-psychological and cultural factors in the shared environment of the twin pairs. We tested several shared familial candidates that have been shown previously to be associated with atopic diseases and/or depression or anxiety. These included parental education (a marker for socio-economic status), 15, 17 recent maternal psychological stress 16, 36 and childhood family trauma. 37 However, we found that including these covariates adjusted for: sex, gestational age, birth weight, maternal age at delivery, parent's birth country. *P ≤ .05, **P < .01, ***P < .0001.
in the models (Model 3) made little difference to effect estimates, although recent maternal psychological stress decreased estimates slightly and did attenuate for current asthma. We found in another study based on Swedish and Puerto Rican data that asthma risk increased in children whose mothers had both depression and asthma compared to children of mothers who only had one of these comorbidities. 38 In addition, a number of studies have found that early exposure to maternal and caregiver stress is associated with offspring asthma and atopy. 12, 14, 39, 40 Unfortunately for the current study, we were unable to test the effect of exposure to maternal stress early in life due to the recency of the prescribed drug register (SPDR). Other possible social environmental factors that have been shown to particularly influence asthma morbidity in children and could be investigated as potential familial candidates include family T A B L E 3 Cross-twin familial co-aggregation analysis. Initial analyses and MZ and DZ same-sex analyses We considered the possibility of over-reporting by parents for their child's atopic status and depression or anxiety which could cause inflated associations. To test this hypothesis, we were able to use an objective definition for asthma based on a previously validated algorithm for register-based asthma. 27 The whole-cohort effect estimates using register-based asthma were lower but still significant than the estimates for parent report, suggesting that some parental over-reporting may be occurring. However, the cross-twin effect estimates were similar between register-based asthma and parent-reported asthma which means that the parents were just as likely to report an internalizing disorder in the co-twin regardless of whether the first twin's asthma was recorded by parental report or healthcare register. Therefore, we feel that the sensitivity analysis using register-based asthma definition supports the main findings of the cross-twin analysis and that over-reporting by parents is not an explanatory reason for the associations.
The strengths of this study were that we had access to a large twin study and were therefore able to use cross-twin familial coaggregation analysis. Secondly, our data were linked with administrative and healthcare registers so that we were able to test several environmental factors as candidates for a common environmental liability. The main limitation was that we could not assess severity of the atopic illnesses and therefore are unable to comment on disease severity and depression or anxiety. Secondly, although we were able to use a more objective definition in the sensitivity analysis for asthma based on register data, we were unable to do this for the other atopic diseases as parents do not always seek medical help for eczema, rhinitis and food allergy in their children. 27 Finally, there may be an issue with generalizability from twins to singletons. However, it has been shown that twins have a lower prevalence of asthma than singletons once gestational age and birth weight are adjusted for; 45 therefore, our results may be slightly tending more towards the null than expected in a group of singletons.
In conclusion, this study found evidence for familial aggregation for the comorbidity of atopic diseases and depression or anxiety in children. We found no evidence to suggest the familial aggregation is genetic in nature; however, more investigation is needed to discover the nature of the familial aggregation. The clinical implication may be that physicians treating patients with asthma or allergy need to consider comorbidity with depression or anxiety in the individual and relatives when taking a family history.
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